A b s t r a c t Objectives: Bilateral carotid artery stenting (BCAS) in one session is relatively rare procedure. However, clear recommendations still do not exist. The aim of our study was to analyze efficacy and safety of the BCAS performed by single operator in our center.
INTRODUCTION
Ischemic stroke is the third leading cause of death and the first leading cause of disability of adults in the industrialized countries (WHO 1999) . Atherosclerotic disease of the cerebral arteries is one of the most important etiopathogenetic causes of the cerebral infarction (Mathur et al. 1998 ; Henry et al. 2005 ; Diehm et al. 2008 ). Atherosclerosis may be involved in the development of cerebral infarction by several mechanisms (hemodynamic effect, thrombosis, artery to artery embolization). The cerebral artery damage may be isolated or multiple (there may be a parallel and/or serial impairment). The paper is devoted to bilateral hemodynamic significant stenosis of the internal carotid artery (ICA). Atherosclerosis can be detected randomly especially when it is asymptomatic, or more frequently, if the disease course is symptomatic -related to ischemic stroke. There are several therapeutic options in the management of the bilateral ICA atherosclerosis:
1. Medication therapy (antiplatelet therapy, statin treatment, ACE or AT inhibitors), 2. Carotid endarterectomy (CEA) -usually staged treatment, and 3. Endovascular treatment (CAS) -one session or staged treatment. CEA is standard therapy in the patients with the severe symptomatic stenosis (70%) (Kernan et al. 2014 ). There are not still clear recommendations in the case of bilateral severe carotid artery stenosis, however endovascular treatment is one from the possible therapeutic choices. Similarly it is not clear, if it is safer to perform staged, or one session treatment. Nowadays it is quite difficult to give a clear answer, because there are only limited data from the clinical studies. We would like to present our data and experience with BCAS in our center. 
MATERIAL AND METHODS
From 95 patients, who underwent endovascular treatment in our center, we selected patients where BCAS was performed. The single operator did all endovascular procedures. Patients had confirmation of the bilateral hemodynamic severe stenosis of the ICA (≥ 70 % according NASCET) with digital subtraction angiography (DSA). Before procedure CT and/or MRI was performed. Indication for the procedure was done by consensus of neurologist, invasive radiologist, and vascular surgeon. Symptomatic stenosis was defined clinically (presence of TIA or stroke), or radiologically (stroke on CT/MRI). Timing of the procedure was at least 4 weeks after stroke. None of patients had restenosis after previous intervention. In all patients comorbidities such arterial hypertension, ischemic heart disease, diabetes mellitus, smoking, and hyperlipidemia, previous TIA or stroke were analyzed. Similarly any complications during procedure and after 30 days post procedurally were analyzed. Hypotension was defined as systolic blood pressure decrease below 90 mm Hg or diastolic blood pressure decrease below 60 mm Hg. Bradycardia was defined as heart rate frequency less than 60 beats/min. Follow up of the patients was performed 7 days, 1, 3, 6, and 12 month after procedure. Possible restenosis was evaluated with ultrasound in previously mentioned intervals. Main ultrasonography criteria were defined as a presence of the complete or partial thrombosis or other in-stent stenosis.
All patients used dual antiplatelet therapy (acetylsalicylic acid 100 mg and clopidogrel 75 mg or ticlopidin 2x250 mg) at least 3 days before procedure. The procedures were done in standard conditions in local anesthesia, and the transfemoral approach was used in all the patients. Anesthesiologist was present during all procedures, however, all BCAS were performed only in local anesthesia. The type of stent and filter was chosen according to the type of stenosis and vessel tortuosity by the interventional radiologist. Decision what side will be treated initially was based on stenosis severity, where more severe stenosis was performed initially.
RESULTS
From the total number 95 patients who underwent CAS, nine patients (8.6 %) meet inclusion criteria, and were enrolled in the clinical study. The study included 8 males and 1 female with average age 69 years (range 59-83 years). From selected patients, 5 of them had symptomatic stenosis, 4 had silent infarctions. Risk factors analysis showed that all patients had arterial hypertension, 7 patients ischemic coronary disease, 2 diabetes mellitus, one was smoker, and 4 patients had hyperlipidemia. All patients had normal kidney function. Initial NIHSS was in the most of cases 0, three patients were scored 9, 2, or 3, respectively. The basic characteristics of the patient's group are shown in the Table 1 . Several types of stents and filters were used, depending on the type and character of stenosis. Most frequently was used Sinus-carotid Conical and RX Accunet system. Technical success was achieved in all cases. Detailed characteristics of used systems and degree of stenosis are shown in the Table 2 . From all complications, the most frequent was hypotension alone or combined with bradycardia (n=7). In BCAS group we didn't found TIA, minor stroke, stroke, myocardial infarction. One patient died -patient number 9 after 12 days post procedurally because of malignant arrhythmia. Ultrasound follow-up showed no restenosis in all BCAS patients. Patient number 6 had periprocedural filter occlusion, and patient number 9 had occlusion of common and superficial femoral artery. All complications are shown in the Table 3 .
DISCUSSION
The aim of our study was to analyze efficacy and safety of BCAS performed in one session, one center, and by one interventional radiologist. There are only limited similar series published in the literature (shown in the table 4). Bilateral severe carotid artery stenosis is one specific condition, when BCAS presents as one from the possible therapeutic options.
Our study consists of 9 selected patients with BCAS from a total of 95 patients where CAS was performed. General overview of all CAS patients treated in our center was previously published (Zeleňák et al. 2013) . Hypotension alone or combined with bradycardia is the most frequent complication of CAS. In our unilateral CAS group hypotension and/or bradycardia occurred in 27.9 % cases what was a similar number to that published in literature (Gupta et al. 2005 ). In the BCAS subgroup we have found significantly increased frequency -78% of BCAS patients met this complication. Alurkal et al. (2012) described very similar complication rate in BCAS. In all cases was hypotension and/or bradycardia resolved by the reduction of antihypertensive therapy. No patient had hypoperfusion syndrome or other serious complication related to hypotension and/or bradycardia.
No patient with BCAS had stroke or TIA, or myocardial infarction. One patient died 12 days after procedure, cause of death was ventricular fibrillation -in this case relationship to procedure cannot be fully excluded. It is possible to declare 11.11 % mortality rate, related to procedure what is similar to previously published data 1 . Incidence of severe complications and hypotension and/or bradycardia in the published clinical studies is summarized in the Table 4 .
Only limited data are available concerning the therapeutic strategy in the bilateral ICA atherosclerosis with severe stenosis, and it is not known what is more favorable: one session BCAS or staged CAS. Some centers do not prefer one session treatment (BCAS) because of risk of the hypoperfusion syndrome following hypotension and/or bradycardia after bilateral procedure. The side choice of initial treatment is other important question in the case of staged CAS. The decision is based on the degree of stenosis, or presence of stroke (clinically or radiologically defined) in the affected artery territory, or character of atherosclerotic plaque (stable fibrous plaque vs. unstable soft plaque). Other additional conditions can be Willis circle blood flow geometry and the speed of stenosis progression. Another question is the timing of the second procedure in staged CAS. There are several models described with timing of the second procedure from one day to a couple of weeks. Staged procedure is more expensive, more contrast agent is used and the patient receives more X-rays irradiation. One of the potential risks of staged CAS is a stroke occurrence in the time period between the first and second procedures. In the case of BCAS we mention an additional possible risk, and it is the risk of bilateral in-stent thrombosis in predisposed patient (but such case report was not published yet).
The aim of our study was to show our data, where similar types of analysis are not very frequently published. Study is not aimed to favorite BCAS over staged CAS, CEA, or conservative treatment. Study has many limitations mainly because of small patients group during long period of time. This limitation does not allow to make definite conclusions about its safety of efficacy, and meta-analyses of all published data are necessary.
CONCLUSION
Because of limited data it is not possible to make any clear conclusions or recommendations from the results of our study. Our data shows that probably BCAS appears to be safe and effective way in the treatment of bilateral carotid artery stenosis in high-risk population. Despite that many centers do not perform BCAS and prefer staged CAS or CEA. This is the first kind of such analysis from Slovakia. Our results are consistent with previously published data. Larger clinical studies are needed.
